Background: Humeral shaft fractures account for 1-3% of all fractures and 20 % of the fractures 26
involving the humerus. The aim of the current study was to compare the outcome after operative 27 and non-operative treatment of humeral shaft fractures, by comparing the time to radiological 28 union and the rates of delayed union and complications. 29
Methods: All patients aged 16 years or over treated for a humeral shaft fracture during a five-30 year period were included in this retrospective analysis; periprosthetic and pathological fractures 31 were excluded. Radiographs and medical charts were retrieved and reviewed in order to collect 32 data on fracture classification, time to radiographic consolidation and the occurrence of adverse 33
events. 34
Results: A total of 186 patients were included; 91 were treated non-operatively and 95 treated 35 operatively. Mean age was 58.7 ± 1.5 years and 57.0% were female. In 83.3% of the patients 36 only the humerus was affected. A fall from standing height was the most common cause of the 37 fracture (72.0%). Consolidation time varied from a median of 11 to 28 weeks. The rate of radial 38 nerve palsy in both groups was similar; 8.8% versus 9.5%. In 5.3% of the operatively treated 39 patients the palsy resulted from the operation. Likewise, delayed union rates were similar in both 40 groups; 18.7% following non-operative treatment versus 18.9% following surgery. Fractures of the shaft of the humerus account for 1-3% of all fractures 1 and approximately 20% 50 of all fractures involving the humerus. 2 The incidence is 14.5 per 100,000 per year, gradually 51 increasing from the fifth decade and reaching its peak of 60 per 100,000 per year in the ninth 52 decade. Also a minor peak is seen in the third decade. 1, 3 53 Both operative and non-operative treatment is used in the management of humeral shaft 54 fractures. Traditionally, the treatment has generally been non-operative, nowadays using the 55
Sarmiento brace as functional bracing therapy. 4 Operative approaches include intramedullary 56 nailing, plate osteosynthesis and an external fixation. claimed that the operative therapy should be considered as the gold standard because of the 67 development of new intramedullary and rotation stable implants in addition to the classical 68 osteosynthesis using a plate. 
.). 92
Information about the affected side, the consolidation period, and presence of a delayed 93 union were collected from the radiographs, radiology reports and the patient's hospital records. 94
Radiological consolidation was defined as cortical bridging of at least three out of four cortices 95 and was expressed in weeks from the day of the fracture. Delayed union was defined as a failure 96 to heal at twenty-four weeks post fracture with no progress toward healing seen on the most 97 recent radiographs. The medical charts of all patients were reviewed and the following items were retrieved: 99 age, gender, trauma mechanism, other injuries besides the humeral shaft fracture, type of 100 treatment and radial nerve palsy. The type of treatment was non-operative or operative. The 101 decision between the two was made by the attending physician at each hospital and was based 102 upon the surgeon's best judgment, knowledge and expertise. 103
The trauma mechanism was classified as a simple fall, meaning a fall from persons 104 height, high-energetic (e.g., a traffic-related accident) or 'other'. 105
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 106 16.0 for Windows. Outcome after operative and non-operative treatment was compared. Results 107 of categorical variables (gender, AO-types and subtypes, delayed-union, radial nerve palsy, 108 injuries, and trauma mechanism) were analyzed using Chi-square test. Results of numerical 109 variables (age and consolidation time) were analyzed using the Mann-Whitney U-test. All tests 110
were two sided. P-values < 0.05 were considered statistically significant. 111
112

RESULTS
114
In total 186 patients were included in this study. Table 1 shows the demographic data of this 115 cohort for the patients in this study. Ninety one patients had been treated non-operatively. The 116 majority was female (60.4%) and the mean age was 58.7 ± 1.5 years. The operatively treated 117 group consists of 95 patients, 53.7% was female, with a median age of 61.1 years. No 118 statistically significant difference could be found with respect to this data between the groups. 119
In the non-operatively treated group the left humerus was affected in 51.6% of patients, 120 which was not statistically different from the operative group (62.2%). In 83.3% of the patients 121 the humeral shaft injury was a solitary injury, and in 72% of patients the fracture resulted after a 122 simple fall. No statistical difference was found between both groups. In the operative group 123 82.1% of the patients were treated using intramedullary nailing, 11.6% using plate 124 osteosynthesis, 5.3% using external fixation and in 1 (1.1%) patient only Cerclage wires were 125
used. 126 Figure 1 shows a detailed overview of fractures by AO subgroups. This shows type A 127 humeral shaft fractures were found most frequently (50.0% of the patients) and type C was least 128 common (8.1% of the patients). In the non-operatively treated group the A1 spiral fracture was 129 the most common subtype (28.6%) and in the operatively treated group the A3 transverse 130 fracture (26.3%). 131 Table 2 shows the time it took to achieve radiological consolidation in weeks from the 132 day of the fracture per AO type and subtype. In the non-operatively treated group the time to 133 achieve radiological consolidation ranged from a median of 11 weeks in the AO type A2 134 subgroup to 15 weeks in the B2 and A3 subgroups. In the operative group, time to consolidation 135 7 ranged from a median of 12 weeks (A2 subtype) to 28 weeks (B3 subtype), which did not differ 136 statistically from the non-operative group. 137
Overall, 17 of the patients (9.1%) developed radial nerve palsy (Table 4) . No statistically 138 significant difference was found between the two groups. In the non-operatively treated group 139 this originated from the trauma or fractures itself in eight patients. In the operatively treated 140 group, radial nerve palsy originated from the trauma or fracture in 13 patients. In 4 patients it 141 occurred after surgery. The aim of the current retrospective study was to compare the outcome after operative versus 149 non-operative treatment of humeral shaft fractures, by comparing the the time to radiological 150 union and the rates of delayed union and complications. In this series of 186 patients, no 151 statistically significant differences were found in the time to radiological consolidation between 152 the two groups, nor in the rates of delayed union or occurrence of radial nerve palsy. 153
The demographic data of the current study are to a large extent in agreement with 154 published epidemiologic studies on humeral shaft fractures. 1, 3 In the most recent epidemiologic 155 study the average age of patients with a humeral shaft fracture was 62.7 years, 1 the average age 156 of the patients in our study was 58.7 years.. 157
Data from previous studies showed delayed union rates of 2-23% 12-13 after non-operative 158 treatment versus 15-30% 14 for operatively treated patients. Data of the current study (18.7% 159 versus 18.9%, respectively) are consistent with the literature data. Increased delayed union rates 160 as suggested previously 15 could not be confirmed in the current study. 161
Due to the high variability in fracture subtypes, our study lacked adequate statistical 162 power to show statistically significant difference in time to radiographic healing between both 163 groups. For the B3 type fractures, a trend was seen, suggesting that the time to radiographic 164 healing was shorter in the non-operative group (median 12 weeks) than in the operative group 165 (median 28 weeks). 166
In the current study 9.1% of the patients had radial nerve palsy. Rates between 2 and 17% 167 are described of in the literature 16 , but a review by Shao et. al reported an average rate of 168 11.8%. 17 Even though primary radial nerve palsy is considered by many an absolute indication 169 9 for surgery 5 the data of our study do not support this, as radial nerve palsies occurred equally 170 frequent in both groups. In the operatively treated group less radial nerve palsies were seen as a 171 result of the fracture or the trauma (8.8 vs 5.3%). Spontaneous recovery is seen in 70.7% of the 172 patients treated conservatively for the palsy, and after including surgical management the overall 173 recovery rate is 88.1% as reported by Shao et al. 174 The retrospective nature and the lack of randomization was a limitation of our study. The 175 decision between operative and non-operative treatment was made by the attending surgeon, 176 based upon his preferences and previous experience. Given the low and similar rates of delayed 177 union in both groups, it is tempting to speculate that the surgeons were quite good at identifying 178 which fractures should be operated. Whether of not this is true should be studied in more detail. 
